[•4 


* 


NOTICES 


REPORT  NUMBERING  SYSTEM  ■  The  numbering  of  technical  project  reports  issued  by  the  Naval  Air  Development 
Center  is  arranged  for  specific  identification  purposes.  Each  number  consists  of  the  Center  acronym,  the  calendar 
year  in  which  the  number  was  assigned,  the  sequence  number  of  the  report  within  the  specific  calendar  year,  and 
the  official  2-digh  correspondence  code  of  the  Command  Office  or  the  Functional  Directorate  responsible  for  the 
report  For  example:  Report  No.  NAOC-7S01 5-20  indicates  the  fifteeth  Center  report  for  the  year  1978,  and  prepared 
by  the  Systems  Directorate.  The  numerical  codes  are  as  follows: 

CODE  OFFICE  OR  DIRECTORATE 

00 
01 
02 
10 
20 
30 
40 
50 
60 
70 
80 


PR0CUCT  ENDORSEMENT  -  The  discussion  or  instructions  concerning  commercial  products  herein  do  not  constitute 
an  endorsement  by  the  Government  nor  do  they  convey  or  imply  the  license  or  right  to  use  such  products.  - 


Commander,  Naval  Air  Development  Center 
Technical  Director,  Naval  Air  Development  Center 
Comptroller 

Directorate  Command  Projects 
Systems  Directorate 

Sensors  &  Avionics  Technology  Directorate 

Communication  &  Navigation  Technology  Directorate 

Software  Computer  Directorate 

Aircraft  &  Crew  Systems  Technology  Directorate 

Planning  Assessment  Resources 

Engineering  Support  Group 


g 


UNCLASSETIEO _ _ 

SECURITY  CLASSIFICATION  0*  TH)»  BA ok  (VMw  Data  EpKraQ 

REPORT  DOCUMENTATION  PAGE  BKyS^cxi^ltTOq^yoitti 

jO  I— ks»SRl  hsmssr  ■  i  is.  bovt  accession  ho.  C  reorient1!  cataloo  numbI* 

It  nadc-8^76-^ _ <1  ^  AK-AAM4LH 


I  «•  title  ( mu  SuMHn) 


Efface  of  Oxidizing  Fuels  on  Aircraft  Fuel 
System  Elastomer';  and  Sealants  0  / 


Tr  author?#; 

c-AdUr  ^ 

k  REREORMINO  OROANIXATION  NAME  AND  ADCNESS 

Aircraft  &  Craw  Systems  Technology 
Naval  Air  Development  Center 
uarwinatiar.  Pennsylvania  18974 

It.  CONTROLLIN3  OfflCI  NAME  AND  AOORESS  ^ - S 

Naval  Propulsion  Test  Center  C J/ 
Trenton,  NJ  08628  V*^ 

U.  moniYoKino  aCTnEy  name  T address?*!  Zfiwwi  S 


*.  type  or  report  4  reriqo  covered 
Pinal  Repfit 


».  performs  or«i  report-rumse* 

•v  ’gdNTrvCT’oTwgrrgrwiryg — 

(fi)±0  ^  W~i 


10.  a  poo  a  am  element  project,  task 
0  AREA  *  WORK  UNIT  NUMBS*! 

Directorate  NAVAXRPROPCEN  Work  Request 

N6237676WRTD107 

_ Work  Unit  Assignment  4P7-42S 

1  /  20  May  1980 

- 11.  NUMBS*  OP  PAGES 

_ _ 18 _ 

Cantnlllrn  Oltte •)  T».  SECURITY  CLASS,  (o I  (Ala  rapartj 

UNCLASSIFIED 


_ ILAISIFI  CATION/ DOWN  OR  ADINO 

SCHEDULE 


I  I*.  DISTRIBUTION  STATEMENT  (cl  (fill  Jtap^rtJ 


Approved  for  Public  Release;  Distribution  Unlimited 


17.  DISTRIBUTION  STATEMENT  (cl  the  aka  tract  Mlorarf  In  BlaaA  30,  If  dltterent  fraa«  R  apart; 

li.  SUPPLEMENTARY  NOTES 

IS.  KEY  WORD#  fCan'Inra  an  (***»  ilw  II  niMtia*  ana  I  Cent  I  fr  *r  itleak  mmOcr) 

Jet  fuels 
Elastomers 
Oxidizing  fuels 

K  ,  0(?  wFf W 


IOHSbSTWACT  fCatMNwia  an  warn  :4m  It  ncjecctry  mat  lOmtllr  *7  X— A  ni>ir) 

jet  fuels  containing  peroxides  resulting  from  hydrogenation  during  refining 
have  potential  for  damaging  fuel  syatdm eljetopgr^c-  components.  learners  ion 
tests  were  conducted  for  1900  hours  @13u  -  165rin  J7-5  containing  1,  5, 

and  10  meq.  peroxide/1000  gm  fuel  with  various  fuel  systaa  sealants  and 
elastomers.  Damage  thresholds  wore  indicated  and  maximum  allowable  peroxide 
contents  wore  recommended. 


nr»  'G"** 

DD  1  JAN  71 


soition  or  i  nov  es  o  obsolete 
S/N  0102'  L/' 0' «•  SiUI 


i 

UNCLASSUgD 

mcSTioM  5?  this  FTsi  iKTIiM  J*S*»*.v 


N6DC -80076-60 


TABLE  OF  CONTENTS 


LIST  OF  TABUS 


BACKGROUND 


EXPERIMENTAL  PROCEDURE 


MATERIALS 


TEST  METHODS. 


TEST  RESULTS  AND  DISCUSSION 


CONCLUSIONS. 


RECOMMENDATIONS. 


REFERENCES 


ACKNOWLEDGMENT 


Ac o e s s i c n  f'.i 

NT  1 3  GKA&I 
DOC  TAB 
Unannounced 
Justification  _ 


Pi '  ' - 

_  t-mV'.y  *J--  r-.de3_ 
A, a  Li  and/ or 

1  Dist  special 


.  w_.. i  n  s  .'.jiuw  hV  lltriai'1^  S 


II  XaMrsioft  of  Blaatoaara  in  JP-5/Faroxida  Pun’s .  9 

III  IoMrsion  of  Funl  Tank  Saalanca  In  JP-5/Paroxida  Fuals .  10 


NADC -80076-60 


BACKGROUND 

The  presence  of  peroxides  in  JP-5  fu«l  has  b««n  relate!  co  ths  failurs  of  a 
naoprana  diaphragm  locatad  in  cha  high  prassura  pump  in.  tha  TF41-A-2  angina. 
Examination  of  tha  fual  usad  by  tha  aircraft  showed  the  prasanca  of  paroxidas 
which  can  datrimantally  affact  tha  llfa  of  tha  naoprana  diaphragm.  It  is  be- 
liavad  tha  paroxidas  rasult  from  a  hydrogan  traatmant  during  tha  refining 
process  which  is  usad  by  several  producer*  throughout  the  world.  Tha  hydro¬ 
gan  traatmant  may  remove  tha  naturally  occurring  anti-oxidants  which  normally 
prevent  peroxides  from  forming  in  fuels  refined  by  other  methods.  A  few  in¬ 
cidents  of  elastomer  deterioration  by  paroxida  containing  aircraft  fuels  have 
previously  bean  found  in  Europe  as  reported  in  reference  (a). 

The  present  investigation  was  conducted  to  ascertain  any  detrimental  effects 
of  peroxide  containing  jet  fuels  on  various  type  elastomers  and  sealants  used 
in  aircraft  fuel  systems  and  to  find  a  safe  permissible  peroxide  level  as  a 
requirement  in  fuel  specifications.  This  study  was  sponsored  by  the  Propul¬ 
sion  Technology  and  Project  Engineering  Department,  Naval  Air  Propulsion 
Center  (NAPC),  Trenton,  NJ. 


EXPERIMENTAL  PROCEDURE 


MATERIALS 


The  materials  subjected  <:o  imnerslon  tests  are  listed  in  Toble  I.  The  stand¬ 
ard  elastomers  conformed  to  USAF  Specification  Bulletin  539'.  The  fuel  tank 
sealants  are  representative  of  those  currently  used  in  naval  aircraft.  The 
reticulated  polyurethane  foam  is  Installed  in  fuel  tanks  as  an  explosion  sup¬ 
pressant.  The  HM5  diaphragm  materiel  consists  of  tto  layers  of  woven  Fortisan 
(rayon)  impregnated  and  coated  with  neoprene  elastomer.  The  final  coating 
thickness  is  approximately  2  mils  on  each  surface.  The  . HMG  diaphragm,  its 
neoprene  coating  compound  and  the  standard  neoprene  were  tested  to  obtain  base 
line  performcuce  information. 

TEST  METHODS 

1.  The  general  imnerslon  test  scheme  is  shown  in  Table  I. 

2.  Fuel 8  -  a  naturally  occurring  peroxide  (hydroperoxide )  concentrate,  145- 
185  meq.  peroxide/1000  gm.  JP-5  fuel,  extracted  from  JP-5,  was  supplied  by 
NAPC  and  used  to  prepare  the  immersion  test  media.  The  peroxide  concentra¬ 
tion  was  determined  and  monitored  during  the  iamersicn  tests  using  an  analyt¬ 
ical  method  developed  by  NAPC.  The  procedure  Involved  a  colorimetric  potas¬ 
sium  Iodide  reaction  which  was  measured  with  a  Bausch  &  Lomb  Spectronlc-20 
Spectrophotometer  and  uniquely  required  only  0.05  to  0.5  cc  of  fuel  sample. 
Peroxide  concentrations  were  maintained  within  +  107.  tolerance.  Duplicate 
test  specimens  of  each  material  were  immersed  in  200  cc  of  fuel. 

3.  Immersion  Period  -  a  continuous  immersion  for  42  days  wan  conducted  with 
dally  visual  inspections  and  physical  property  measurements  at  7,  14,  28,  and 
42  day  Intervals. 
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4.  Physical  Property  Ttiti  -  the  tost  as  t  hods  employed  were  of  a  screening 
nature  to  detect  any  groee  damaging  af facte  by  the  oxidising  fuels.  Duplicate 
looped  configuration  specimens  of  the  elastomers  ard  cured  sealants  (MIL-S- 
8802)  were  prepared  from  2 -inch  long  X  0.5  inch  wide  X  0.075  Inch  thick  strips 
of  notarial  folded  in  half  lengthwise  and  stapled  midway  with  a  stainless 
steel  staple.  The  one-inch  long  stressed  loop  area  above  the  staple  was  ex¬ 
amined  for  cracks  or  erasing  during  the  lamer alias  using  15X  magnification. 
Shore,  jl  duronteer  hardness  was  determined  on  the  flat  tall  section  of  the  loop 
specimen.  Specimens  were  plied  to  1/4  In.  thickness  for  the  hardness  readings. 
Volume  and  weight  changes  were  also  obtained  on  the  loop  specimens.  Chauu cl 
sealants  were  applied  in  1/16  in.  thickness  to  1  In.  by  2  In.  aluminum  alloy 
panels.  Visual  and  manual  examination  for  changes  In  hardness  and  adhesion 
were  performed.  Weight  and  voluna  changes  were  also  msasured.  All  immersion 
tests  wars  conducted  In  accordance  with  ASTH  Method  0471*72,  "Standard  Method 
of  Test  for  Change  in  Properties  of  Alestonerlc  Vulcanlsates  Resulting  from 
Immersion  In  Liquids." 

Change  in  tear  strength  of  the  polyurethane  foam  wee  determined  in  accordance 
with  the  procedures  of  Specification  MIL-  •B-83G54A  (U8AF )  and  ASTM  Method  D1564- 
71  Suffix  G,  "Standard  Methods  of  Tasting  Slab  Flexible  Urethane  Foam." 

TEST  RESULTS  ARD  DISCUSSION 
1.  Neoprene  Elastomers 

Results  of  lnosrslon  tests  on  various  elastomers  and  the  HMG  diaphragm  material 
era  shown  in  Table  11.  The  neoprene  diaphragm  material  was  only  lightly  oxi¬ 
dised  by  1  meq.  peroxide  as  indicated  by  surface  dulling  efter  42  days  Immer¬ 
sion.  At  5  meq .  peroxide,  surface  dulling  occurred  within  14  days  and  subse¬ 
quently  acme  light  pitting.  At  10  meq.  peroxide  heavier  attack  occurred  and 
cracking  of  the  neoprene  coating  initiated  within  28  days  lasers ion .  Deterio¬ 
ration  Increased  with  continued  immersion  up  to  42  days  at  which  time  the  coat¬ 
ing  appeared  weakened  and  could  be  removed  by  light  fingernail  scraping. 

Looped  specimens  of  the  HMG  coating  compound  prepared  from  0.075  in.  thick 
sheets  exhibited  similar  surface  affacta;  i.a. ,  dulling  and  pitting,  ss  the 
HMG  diaphragm  but  to  a  leaser  degree.  Vary  little  cracking  occurred.  Due  to 
the  large  difference  In  surface  area  to  rubber  volume  ratios  (0.002  in.  film 
vs.  0.075  In.  sheet)  deterioration  end  cracking  is  most  likely  to  occur  first 
in  the  thin  neoprena  film.  Table  11  hardness  data  shows  1  meq.  peroxide  pro¬ 
duced  little  change.  At  5  end  10  meq.  peroxide  e  slight  softening  trend 
occurred  In  the  swollen  state  indicative  of  same  decoepositioa  in  the  basic 
neoprene  structure.  In  the  dry  state  efter  42  days  immersion,  all  madia 
caused  a  net  hard an log.  Hardening  with  and  without  peroxide  is  caused  by 
extraction  of  processing  oils,  waxes  and  antioxidants  known  to  be  present  in 
the  HM»  neoprana  compound.  Table  II  data  shows  approximately  «  5%  weight  loss 
after  immersion. 

The  standard  neoprene  compound  (CR)  exhibited  surface  dulling  end  pitting  in 
the  JP- 5 /peroxide  fuels  similar  to  the  HMG  neoprene  compound.  Additionally, 
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a  pimpled  surface  appeared  which  increased  with  increasing  peroxide  content, 
particularly  at  5  and  10  meq.  concentrations.  This  is  believed  due  to  an  ox¬ 
idation  reaction.  Cracking  was  not  evident.  The  standard  neoprene  formula¬ 
tion  differs  from  the  ICC  neoprene  in  polymer  type,  and  content  of  fillers 
(carbon  black,  clay)  and  extractable  oils  and  waxes.  Reaction  to  the  fuel 
media  may  therefore  differ  with  regard  to  swelling,  hardness  and  degree  of 
oxidation.  Hardness  data  show  the  oxidizing  fuels  at  3  and  10  meq.  peroxide 
concentration  caused  a  considerable  softening  trend  in  the  swollen  state  com¬ 
pared  to  the  JP-S  control  which  is  indicative  of  a  decomposition  effect.  This 
was  also  shown  in  the  dry  state  after  42  days  immersion.  The  less  obvious 
softening  of  the  HMG  neoprene  compound  compared  to  the  standard  neoprene  (CR) 
may  be  attributed  to  the  known  greater  filler  and  extractables  content  of  the 
HMG  compound  which  would  tend  to  mask  softening  due  to  neoprene  polymer  decom¬ 
position.  Hardness  changes  in  elastomers  can  be  indicative  of  changes  in 
physical  properties  such  as  tensile  strength,  elongation  and  tear  strength, 
but  measurement  of  physical  properties  is  preferred. 

An  Interesting  phenomenon  was  found  regarding  the  peroxide  concentration  of  the 
fuel  immersion  media  used  for  the  IRC  neoprene  coated  fabric  and  the  neoprene 
coating  compound.  With  all  other  elastomers  and  sealants  tested  herein  the 
peroxide  contents  tended  to  decrease  as  immersion  time  progressed  requiring 
addition  of  JP-5/peroxide  concentrate  to  maintain  desired  peroxide  levels. 

With  the  HMG  materials,  the  1,  5  and  10  meq.  peroxide  media  were  found  to  In¬ 
crease  to  approximately  3.9,  28  and  84  meq.  peroxide,  respectively,  (in  the 
worst  cases)  when  allowed  to  escalate.  The  maximum  increases  usually  occurred 
during  the  20  to  30  day  immersion  time  perod.  The  control  JP-5  fuel  also 
showed  an  increase  from  0.16  to  approximately  C.3  meq.  peroxide.  Further, 
JP-S/peroxide  fuels  without  elastomer  ssmples  aged  at  130  K  for  42  days  all 
showed  gradual  decreases  in  peroxide  concent.  In  general,  media  containing 
HMG  elastomer  samples  required  almost  daily  monitoring  of  peroxide  content. 
Evidently  the  HMG  neoprene  elastomer  produced  a  catalytic  effect  and  peroxide 
content  escalation.  Certain  metals,  e.g.,  copper,  are  known  to  have  catalytic 
effect  on  fuels.  Possibly  contaminant  metallic  elements  in  the  elastomer  com¬ 
pounding  Ingredients ;  i.e.,  clays,  arhon  black,  oils,  waxes  or  resld>  &1  copper 
catalyst  used  to  manufacture  neoprene -polymer  may  be  responsible. 

2.  Nitrile  Elastomers 

Table  II  data  shows  that  the  nitrile  standard  elastomers  were  visibly  unaf¬ 
fected  except  for  development  of  a  shiny  surface  after  42  days  immsrsion.  This 
effect  is  probably  due  to  light  surface  oxidation.  Cracking  was  not  evident. 
Hardness  data  indicate  the  low  nitrile  elastomer  (NBR-L1  was  unaffected  by 
1  meq.  peroxide  and  showed  a  slight  softening  trend  in  the  swollen  state  at  5 
and  10  meq.  peroxide  contents  compared  no  the  control.  In  the  dry  state  hard- 
ness  did  not  differ  significantly  from  the  controls.  Hardness  changes  of  the 
high  nitrile  elastomer  0*BR-H)  in  all  JP-5/peroxide  fuels  were  equivalent  to 
the  controls  indicating  no  111  effects.  In  the  dry  state  a  very  minor  harden¬ 
ing  trend  mostly  at  S  and  10  meq.  peroxide  contents  appeared.  It  should  be 
noted  the  NBR-H  elastomer  is  much  more  fuel  resistant  than  the  NBR-L  elastomer 
and  has  considerably  less  volume  swell  and  fuel  absorption  as  shown  in  Table  II. 
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Nitrile  seel*  for  aircraft  tend  to  ba  fabricated  from  medium  to  high  nitrile 
elastomers  :athcr  than  N3R-L.  Components  such  as  nitrile  coated  diaphragms 
may  be  more  susceptible  to  oxidative  physical  changes  in  view  of  tho  high  sur¬ 
face  area  to  volume  ratio.  The  nitrile  and  neoprene  elas toners  are  known  to 
be  susceptible  to  oxidation,  consequently  antioxidants  are  generally  incorpo¬ 
rated  in  their  manufacture.  Effectiveness  of  the  antioxidants  would  depend 
upon  the  degree  of  their  fuel  extractablllty.  From  a  functional  standpoint, 
slse  and  shape  of  an  elastomeric  covenant  and  its  operating  stresses  may  also 
influences  the  effects  of  an  oxidising  medium. 

3.  Fluorocarbon  and  Fluoroslllcona  Elastomers 

Table  II  date  indicates  the  standard  fluorocarbon  elastomer  (F-A)  immersed  at 
a  higher  temperature,  16S°F,  in  10  aeq.  peroxide  fuel  exhibited  no  significant 
visible  or  hardness  changes  compared  to  the  control.  The  fluorosllicone 
elastomer  (FS)  behaved  similarly  except  for  e  minor  hardening  trend.  Note  that 
peroxides  are  need  to  vulcanize  the  FS  elastomer.  Both  the  F-A  end  FS  elas¬ 
tomers  are  known  to  be  highly  fuel  and  oxidation  resistant. 

Inmersion  of  these  elastomers  was  first  attempted  at  200°F,  but  the  10  meq. 
peroxide  content  decreased  so  rapidly  it  could  not  be  practically  maintained; 
165°F  was  the  next  highest  temperature  at  which  the  10  meq.  peroxide  concentra¬ 
tion  could  be  practically  maintained. 

4.  Polysulfide  Cured  Sealants  (M7L-S-8802) 

Test  results  on  the  elastomeric  MIL-S-8802  sealants  ere  given  in  Table  III. 
After  42  days  in  10  meq.  peroxide  fuel  the  chromate  cured  PR-1422B-2  sealant 
showed  significant  softening  compared  to  the  control,  56  vs.  65  Shore  A, 
respectively,  in  the  dry  state  which  is  indicative  of  a  sealant  degradation 
effect.  A  comparative  manual  tear  strength  examination  also  indicated  some 
loss  in  strength  due  to  the  peroxide  fuel  exposure.  The  manganese  dioxide 
cured  PR1440B-2  after  42  days  immersion  also  showed  a  net  softening  compared 
to  the  control,  51  vs.  61  Shore  A,  respectively,  in  the  dry  stats.  The 
peroxide-fuel  also  caused  a  tacky  surface  and  loss  in  tsar  strength.  Note 
the  PRI440B-2  control  specimen  increased  in  hardness  after  ixuarsion  (55  to 
61  Shore  A)  probably  due  to  extraction  of  plasticizer  which  is  used  with  the 
manganese  dioxide  curing  agent.  The  sample  exposed  to  peroxide-fuel  did  not 
follow  the  control's  behavior  and  softened  instead  (51  Shore  A)  indicating  a 
degradation  effect.  Subsequently,  one  specimen  of  PR1440B-2  was  subjected  to 
additional  immersion  in  10  maq.  peroxide  fuel  for  a  total  of  56  days.  Hard¬ 
ness  decreased  further  to  45  Shore  A  and  the  sealant  surface  further  degraded 
to  a  semi-fluid  condition  along  with  other  changes  indicated  in  Table  III. 

This  degradation  is  attributed  to  a  reversion  effact  caused  by  polymer  chain 
and/or  crosslink  scission.  Polysulfide  polymers  are  susceptible  to  attack  by 
acid  catalyzed  hydrolysis  at  the  backbone  formal  linkage.  Only  trace  amounts 
of  water  are  needed.  Sulfur,  mercaptar.a  and  strong  bases  vndar  proper  condi¬ 
tions  may  also  cause  polymer  degradation  ae  the  disulfide  linkage.  This  mode 
Is  unlikely  in  view  of  the  good  performance  of  the  control  sealant.  Since 
periodic  additions  of  fresh  peroxide  fual  concentrate  were  required  to  maintain 
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10  meq.  peroxide  it  was  of  interest  to  ascertain  if  the  peroxide,  or  strictly 
hydroperoxide  degradation  products  could  result  in  acidic  build-up  in  the 
immersion  fluids.  Acid  number  analysis,  performed  by  HAPC,  on  the  PB.1440B-2 
immersion  media  vers  as  follows: 

a.  JP-S  control  -  0.0C7  after  42-day  inaersion 

b.  JP-5/10  meq.  peroxide  -  0.028  -  0  days  immersion 

c.  JP-5/10  meq.  peroxide  -  0.043  after  42-day  isnerslon 
(JP-5  specification  limit  MIL-T-5624  -  0.015  (max.)) 

The  data  Indicates  acidic  constituents  of  the  peroxide  fuel  exceeded  both  the 
JP-5  control  value  and  specification  limits  and  may  have  contributed  to  seal¬ 
ant  degradation.  Preparation  of  the  original  JP-5/peroxide  concentrate  may 
also  have  caused  some  acidic  buildup.  Another  polysulfide  degradation  route 
is  by  direct  oxldatign  at  the  formal  linkage  but  this  usually  occurs  at  tem¬ 
peratures  around  300  T .  The  polysulfides  are  generally  considered  to  have  good 
oxidation  resistance  at  temperatures  below  20G°F.  They  are  also  cured  by  inor¬ 
ganic  and  organic  oxidizing  agents.  From  the  available  data  it  is  uncertain 
whether  catalyzed  oxidation  or  acid  catalyzed  hydrolysis  at  the  formal  linkage 
is  the  primary  degradation  process.  The  latter  mechanism  is  favored.  From  a 
practical  standpoint,  assessment  of  the  acid  number  of  peroxide  fuels  in  air¬ 
craft  fuel  tanks,  particularly  where  stagnant  fuel  resides,  would  be  of  inter¬ 
est  to  further  determine  the  potential  for  sealant  degradation. 

5,  Non -Curing  Channel  Sealants 

Table  III  test  data  on  the  polysulfide,  cyanosillcona  and  fluoros  11  leone 
mastic  type  sealants  Indicate  they  were  not  significantly  affected  by  the  10 
meq.  peroxide  fuel  immersion.  From  a  cursory  manual  examination  it  appeared 
the  polysulfide  sealant  immersed  in  peroxide  fuel  had  undergone  a  slight  change 
by  becoming  somewhat  softer  and  cackier  than  the  control  after  42  days  Immer¬ 
sion.  This  behavior  may  possibly  be  analagous  to  that  found  with  the  cured 
type  polysulfide  sealants.  It  should  be  noted  that  channel  sealants  are  manu¬ 
factured  with  a  high  degree  of  tack  to  achieve  adhesion. 

6.  Polyurethane  Foam  -  Fuel  Tank  Baffle  (MIL-B-83054A) 

Results  of  inatrsion  tests  are  given  in  Table  IV.  Tear  strength  determinations 
indicate  the  10  meq.  peroxide  fuel  did  not  produce  any  adverse  effects  in  com¬ 
parison  with  the  control  fuel.  Both  fuels  caused  about  a  15X  decrease  In  tear 
strength. 

Although  not  indicated  by  the  results  herein,  it  should  be  noted  the  polyure¬ 
thane  foam  is  susceptible  to  degradation  by  hydrolysis  which  can  be  accelerated 
by  an  acidic  medium.  In  this  regard,  high  acid  number  peroxide  fuels  would  be 
undesirable. 
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CONCLUSIONS 

Prom  the  1000  hour  screening  lanersion  Coats  with  JP-5/peroxide  fuels  conducted 
herein,  the  following  is  concluded: 

1.  Serious  damage  thresholds  for  the  HtCi  diaphragm  are  estimated  as  follows: 

1  meq.  peroxide  1000  hours 

5  meq.  peroxide  670  -  1000  hours 

10  meq.  peroxide  35  -  670  hours 

Dynamic  operating  conditions  can  be  expected  to  shorten  these  daaiage  thresholds. 

2.  The  standard  neoprene  elastooMr  (CR)  behaved  similarly  to  the  HMG  neoprene 
material. 

3.  In  general,  thin  elastomeric  films  (e.g.,  diaphragms)  would  be  more  readily 
deteriorated  by  oxidising  fuel  than  cooperatively  thick  elastomer  items  (e.g., 
0-rlngs) . 

4.  Low  and  high  nitrile  elastomers  (NBR-L,  NBR-H)  were  relatively  unaffected 
by  1  meq.  peroxide  fuel  during  the  1000  hour  exposures.  At  5  and  10  meq.  per¬ 
oxide  levels  che  NBR-L  elastomer  is  susceptible  to  a  very  mild  oxidative 
attack  manifested  by  minor  softening.  The  NBR-H  appears  more  resistant  and 
only  showed  a  tendency  to  slightly  harden  after  the  1000  hour  exposure.  In 
general,  the  observed  effects  are  not  believed  indicative  of  major  changes  in 
the  physical  rtrength  properties  of  the  NBR  elastomers. 

5.  Fluorocarbon  and  fluorosilicono  elastomers  are  highly  resistant  to  1-10 
meq.  peroxide  fuels  and  remained  essentially  unchanged.  Higher  levels  or  per¬ 
oxide  may  be  well  tolerated. 

6.  MIL-S-8802  elastomeric  polysulfide  sealants,  particularly  manganese  dioxide 
cured  type,  are  prone  to  severe  degradation  in  10  meq.  peroxide  fuel  (1000- 
1350  hrs.)  where  the  fuel  acid  number  exceeds  normal  limits.  It  is  uncertain 
whether  a  catalyzed  direct  oxidation  or  an  acidic  hydrolysis  mechanism  is  re¬ 
sponsible.  The  latter  mode  is  believed  more  likely  to  occur.  Elevated  fuel 
acid  numbers  are  believed  due  Co  peroxide  decompostlon  by-products  possibly 
present  in  thi  original  prepared  JF-5/peroxlde  concentrate  and  additionally 
accumulated  in  the  stagnant  immersion  media  during  the  test  phase.  Data  on 
the  effects  of  lower  peroxide  concentrations  and  acid  numbers  is  neaded  to 
further  assess  damage  potential  with  MIL-S-8802  sealants.  These  tank  sealants 
are  intended  to  provide  very  long  service  and  are  difficult  to  repair. 

7.  Polysulfide,  cyauosillcone  and  fluorosilicone  non-curing  type  channel 
sealants  exhibited  good  resistance  to  10  meq.  peroxide  fuel.  The  polysulfide 
sealant  was  slightly  softened  but  not  enough  to  impair  its  functioning. 

8.  The  MIL-B-83054A  Type  I  polyurethane  foam  (tank  baffle  material)  was  not 
significantly  affected  by  10  meq.  peroxide  fuel  during  the  1000  hour  exposure 
period. 
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9.  Ic  general,  a  1  to  2  msq.  peroxide  limit  for  J?  fuels  should  provide  « 
good  margin  of  safety  against  serious  deterioration  of  most  fuel  system  elas¬ 
tomers  and  seelents. 

10.  Further  information  on  the  relationship  between  peroxide  content  and  acid 
numbers  of  fuels  would  be  useful. 

RBCOMMIHDATIORS 

1.  The  max  lmm  allowable  peroxide  content  of  JP  fuels  be  kept  in  tho  range  of 
1-2  Jeq.  peroxide/ 1000  p.  fuel. 

2.  Conduct  imaarslon  studies  with  MIL- S -M0 2  sealants  to  determine  the  effects 
of  peroxide  concentrations  below  10  meq.  and  of  fuel  add  number  variation. 

3.  Determine  the  potential  for  add  number  build-up  in  fuels  both  in  storage 
and  in  operating  aircraft  fuel  tanks. 

4.  Develop  an  alternate  coating  for  the  BMS  diaphragm  from  more  fuel  end  oxi¬ 
dation  resistant  low  temperature  elastomers  such  as  fluorocarbon  (Vitoo  GLT) , 
fluoroail icons  or  fluorophoaphonitrilic  (7NF). 

RIFltKRCIS 

(a)  "Fuel  Related  Problems  in  Kngine  Fuel  Systems,"  Love  B.  K. ,  et  al;  SAB, 
Aeronautic  Space  Engineering  and  Manufacturing  Meeting  October  3-7,  1966 
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BMC  Pinfhrap 

HioprtM-mC  boating  Klutour 

HupnM'Stcndtrd  CR 

Low  dltrlie -Standard  HBR-L 

High  Mitrlle-Staudard  MBR-H 

Fluorocarbon -Standard  P -A (Vi ton  A) 

Fluorosilicone -Standard  FS 

Polysulfida  Saalcnta  -  MIL-S-8802 
CliroMt*  Cura 
Manganaaa  Dioxide  Cure 

Polyurethane  Foam  -  MIL-B-83054A, 

Type  I 


Polysulfide  -  PR-702 


Cyanosilicone  -  G250 


Fluorosilicone  -  DC  94-011 


X  X  X  X 

X  X  X  X 

X  X  X  X 

X  X  X  X 

X  X  X  X 

X  -  -  X 

X  -  -  X 

x  -  -  x 

X  -  -  x 

X  -  -  x 

X  -  -  x 

X  -  -  X 

X  -  -  X 


130 

130 

730 

130 

130 

165 

165 

130 

130 

130 

130 

130 

130 


1 


NAOC -80076-60 
TABLE  II 


IMMERSION  OF  ELASTOMERS  IN  JP-5/ PEROXIDE  FUELS 


- 

ELASTOMER 

HMG  Diaphragm 

Neoprene  Coated  Fabric 

Neoprene  Coating 
Compound -HMG  DiaphraBn 

3 

Neoprene 
Standard  fCR)  l 

k 

JP-5  Peroxide  Content 
Meq./1000  gm.  fuel 

JP-5(1) 

Control  1  5  10 

JP-5 

Control  1  5  10 

JP-5 

Control  1  5 

« 

Immersion  Temperature 

130°F 

130°F 

130°F  l 

AFTER  DIMERS  IOM  -  DAYS 


Volume 
Changs.  X 


7 

'*1.6 

35.0 

23.6  25.0 

41.5 

41.0 

43.0 

41.5 

62.5 

64.0 

70.5 

42 

30.0 

30.2 

19.3 

40.3 

37.5 

31.0 

30.0 

54.6 

57.0 

63.5 

1 

dried  48  hrs.@  160°F 

42 

-0.3 

-2.0 

-6.6  -6.6 

-7.4 

-7.3 

-7.5 

-7.3 

1,5 

2.0 

2.8 

; 

Weight 

Change.  1 

7 

9.2 

9.4 

o* 

e 

O 

O 

e 

O 

eH 

18.3 

18.7 

18.7 

18.9 

33.2 

34.0 

35.2 

1 

42 

9.0 

8.6 

8.6 

16.1 

16.3 

14.8 

14.4 

29.0 

30.6 

33.0 

] 

dried  48  hrs.G  160°F 

42 

-4.9 

-5.6 

-4.6  -4.5 

-4.8 

-4.6 

-4.6 

-4.7 

-0.5 

-0.7 

-0.5 

Hardness,  pts. 

0 

NA(2) 

72 

72 

72 

72 

72 

72 

72 

(Shore  A) 

7 

58 

58 

57 

57 

50 

50 

47 

i 

14 

58 

58 

57 

55 

50 

48 

44 

28 

57 

57 

54 

53 

48 

45 

38 

j 

42 

57 

57 

54 

53 

45 

43 

36 

j 

dried  48  hrs.<?  160°F 

42 

77 

77 

78 

80 

64 

63 

59 

1 

Observations 

7 

OK 

OK 

OK  OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

i 

14 

OK 

OK 

D  D 

OK 

OK 

OK 

D 

OK 

OK 

OK 

28 

OK 

OK  , 

D  C,P,D  <5> 

OK 

OK 

D.few  P 

D.P 

OK 

OK 

D.Hf 

», 

42 

OK 

D  $3) 

D,P<4incr.  D,P, 

C  OK 

few  F 

D.P 

17,? 

OK 

slt.D 

D.FM.P 

u 

dried  4G  h/a.@  160°F 

42 

slt.D 

D 

D,P  D.P.C^ 

few  P 

few  P 

D,P 

D.P  (7) 

sit. PM 

slt.D 

D.PM.P 

D, 

few  C 

(8) 

FM 

j 


c 


NOTES: 


(1)  no  added  peroxide;  0.16  nieq ./ 1000 55m  naturally  present 

(2)  not  applicable 

(3)  D  -  dulled 

(4)  P  -  pita 

(5)  C  -  cracks 

(6)  coating  weakened,  patches  removable 

(7)  surface  harlened 

(8)  FM  -  pimpled  surface 

(9)  SS  -  shiny  surface 


Bf 


»«* twxsnsWS^ 
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TABLE  III 

IMMERSION  OF  FUEX  TANK  SEALANTS  IN  JP-5/PER8XIEE  FUELS 

-  ELASTOMER! C.  CURING  TYPE  -  MIL-S-880T 


SEALANT 

JP-5  Peroxide  Content 
meq/1000  gn.  fuel 

Immersion  Temperature 
AFTER  IMMERSION 


PR-1422B-2 

Polvsulfide-Chromate  Cure 


JP-5(1> 

Control 


130°F 


PR- 144GB -2 

Polysulfide -Manganese 
Dioxide  Cure 


JP-5 

Control 


130°F 


1 

-j 
— 1 


Contr 

■^1 


Volume  Change.  X 

dried  48  hra  0  160°F 

Weight  Change.  X 

dried  48  hra  0  160°F 

Hardneaa 
(Shore  A) 

dried  48  hra  0  160°F 
Observations 

dried  48  hra  @  160°F 


0 

67 

67 

55 

55 

7 

61 

58 

54 

53 

14 

58 

54 

53 

51 

28 

42 

42 

57 

58 

65 

56 

53 

56 

53 

54  .  - 
61 

S®8 

7 

OE 

OK 

OK 

OK 

14 

ok 

OK 

OK 

OK 

28 

OK 

OK 

OK 

OK 

42 

OK 

OX 

OK 

tacky 

42 

OK 

some  loss 

OK 

tacky;  loss 

in  tear  (3) 

in  tear 

strength 


6.5 

6.? 

0.4 

0.7 

2.5  i 

2.4 

3.3 

-0.3 

-1.3 

2.5 

-2.1 

-2.6 

-7.7 

-7.0 

-2.8- 

1.3 

1.8 

-1.2 

-1.0 

!•*] 

1.0 

1.7 

-1.0 

-0.8 

-2.4 

-1.7 

-4.9 

-4.1 

-l.K 

and  lari 


Adhesion  to  Aluminas 


strength  _ 
very  tacky! 
surface 
flowed; 
gunny,  weak 

K4 


NOTES:  (1)  no  added  peroxide;  0.16 

(2)  net  applicable 

(3)  genual  examination 

(4)  after  56  days  inner  .ion 


>q/1000  gm  naturally  present 


r 


2.5 

1.8 

1.7 

2.2 

3.2 

3.1 

2.5 

3.6 

3.3 

4.2 

3.0 

3.0 

-2.3 

-2.2 

-2.2 

-1.6 

-2.1 

-2.1 

1.6 

1.6 

1.2 

1.5 

1.1 

1.0 

1.7 

2.4 

2.0 

2.5 

0.9 

0.9 

-1.1 

-0.5 

-1.1 

-1.0 

-1.8 

-1.8 

NK(2) 

NA 

NA 

114 

HA 

HA 

- 

- 

- 

- 

- 

m 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

• 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

or. 

slightly  harder 
and  less  tack 

slightly 
softer  and 

OK 

OK,  slightly 

yellowed 

OK 

OK 

tackier  than 
control 

(4) 

01  OK  OY  OK  OK  OK 


3- 
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TABLE  IV 

IMMERSION  OF  FUEL  TANK  BAFFLE  MATERIAL  IN  JP-  5 /PEROXIDE  FUELS 


Polyurethane  Foam 
MIL-B-83054A.  Type  I 

JP-5  Peroxide  Concent.  JF-5  (T)  1 

meg/ 1000  gn.  fuel  _  Control 


Inversion  Temperature 

130°F 

After  Immersion- 

Days 

Tear  Strength,  lbs/in 

0 

7.2 

7 

7 

5.4 

5 

42 

6.4 

6 

Dried  48  hrs  @  160°F 

42 

5.7 

5 

Observations 

42 

OK 

0 

Notes  (1)  No  added  peroxide:  0. 16  meq/lOOOgm  naturally  present. 
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